INTRODUCTION
Increased utilization of polymeric materials on wide-body ie'.s has led to an awareness of the fire potential of these materials and of the need for a critical evaluation of their thermal properties. Nonmetallic components of an aircraft passenger seat represent a large source of potentially combustible materials. The aircraft seat is a multicomponent system consisting of fabric, polymeric foam, thermo-formed plastics, and a tubular aluminum frame. Testing multilayered (ML) materials for heat release and smoke production is important because it realistically approximates the thermal response or aircraft seat materials.
Heat-release-rate (HRR) measurements, although they do not portray the actual full-scale burning characteristics of a material, provide a sufficient descriptive index (ref. 1) thermal response of a material to specific heat flux and test conditions. The HRR er.ables one to predict realistically the development rate of a fire in an enclosure in which the materials are used (table 1) . The rate with which a fire proceeds in an enclosed area is a function of a number of related events such as the ignition sou:'ce, ventilation rate, the construction aspects or geometrical configuration of the seat and the HkR properties of the material itself. The elements of the fire model (ref. 2) are the mass-removal rate during the burning process, rate of generation of combustible products, rata of heat release, and rate of oxygen depletion. The uutningS profile of a material is complex (ref. 2) . The previously suited conditions or elements interact to varying; degrees in the combustion process and are directly relited to r.ha HRR properties of a material. Tests on ML samples help establish the effect of functional layers on the HRR of Improved fire-rec•istant materials for aircraft seat construction.
Multilayered samples were constructed of baseline and Improved fireresistant materials (table 1) as established in a previous study (ref.
3).
Candidate ML assemblies ( fig. 1 ) were tested in a modified version of the Ohio State University HRR calorimeter ( fig. 2, ref. 4) . Multilayered samples were 25 cm x 25 cm and were positioned vertically in the HRR and exposed to a thermal flux of 3.5 W /cm2.
Samples received no prior tre.tment. Quantitative measurements of heat release were made in terms of kW/min and calculated per square meter of the original sample surface area expo-ed as a function of time. The test procedure was started by adjusting the electrically powered radiant panel thermal source to the required thermal flux using a hycal radiometer-calorimeter and allowing; the system to equilibrate to a constant level with a continuous airflow through the chamber. The baseline temperature variations were recorded differentially between the air in p ut temperature and the temperature of the. exit stack of the HRR. The temperatures wcr y within ±0.5 divisions oil the chart which is equivalent to 1.0 kW/m 2 of heat release.
The reliability or accuracy of the temperature curve was ascertained by comparing calculated vs calibrated valuee, ob t ained at the Same airflow rate as the test materials and using natural gas of known heat content as a standard.
The selection of contact adhesives used in the assembly of ML test sampleŝ ,,is based on their flammability and smoke generation tests (FAR 25.853), thermal gravimetric analysis (table 2, fig. 3 ), flash fire propensity (table 3) and animal toxicity tests (table 4).
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RESULTS AND DISCUSSION
Tests oil samples consisted of two parts. The first dealt with construction of test samples which were of various upper layers having functions such as decorative fabric covering, slipcover, fire-blocking layer, and cushion backing. Glass Fiber block backir, was used to differentiate between layered materials and cnmbinationa of materials which may contribute significantly to the heat release -f the Mi. as:-^embly. The glass fiber block cushion, because of its low NKK (ret. 3), was also used to m l.nlmlze any contribution to the total heat release value by tile-substrate (foa •n cushion material).
These tests were conducted to ascertain the thermal response characteristic of upper-neat layered materials which are initially exposed to the thermal flux from a fire. Multilayered samples in the first part of this test study were exposed to a heat flux of 3.5 W/cm 2 . A higher heat flux (5.0 W/cm2 or greater) would compress and obscure the thermal response processes of the la y ered materials, thus preventing the observation of any differences. A higher heat flux would also prevent differentiation of the additive or preferably the subtractive contributions of the layer to the overall fire resistivity of the materials utilized in seat constructions.
A representation of nine Ml, assemblies with glass fiber block-cushion backing (ML assemblies 1-9) is described in table 5. fhetie Ml. samples consist of advanced materials of proven fire resistivity (ref.
3) and thermomechanical properties. The thermocouple readings frem the front and back faces of the fire-blocking layer give an indication of its insulative effectiveness, which is its primary function ( fig. 4, ref. 3). A temperature differential of 50° C after 5 min at a thermal flux of 3.5 W/cm` was considered minimum insulative effectiveness for a fire blocking-layered materials (Kynol, Vonar, and Uurette) are compared in figure 4.
All M1. samples of improved fire-resistant materials backed with glass fiber blo r-k cushion (ML assemblies 1-9) evidenced an initial short-term flaming condition. This was followed by a short period of extinguishment and then a second flaming which lasted for several minutes and involved deeper layers of material.
Variations that Flo exist in the HRR and smoke-release rates as evidenced in fi,ures 5 and 6. respectively, are indicative of the type and quantity of adhesive utilized in the bonding of the M1. assembly (table 2). Figure 5 indicates that the heat release of the upper layers (advanced materials) in the first 5 min was on the average below 300 kW/m 2 . In figure. 5 we also see the rather high HRR values of Ml. assemblies 3, 4, and 7, each with a reinforcement layer of silicone elastomer oil fabric. The silicone elastomer layer contributed significantly to the total meat release value.
The second phase of HRR testing of ML assemblies having polymeric foam backing (table 6) was performed on hil, assembly nos. 10-21. The baseline samples (nos. 10, 11, and 20) burned rapidly with complete involvement of the entire assembly in the first few minutes of testing. All specimens of improved fireresistant materials gave a lower total heat release than the baseline sample ( fig. 5 ) within the first 1.5 min (at a thermal flux of 3.5 W/cm 2 wiiile the baseline samples gave over twice the heat release value of M1, specimens Nos. 1 and 2 ( fig. 5) . Such a rapid HRR in a relatively short time indicates a potentially hazardous contribution to the propagation of the fire.
Evaluations of fire-blocking layer materials in combination with cushionreinforcement layers based on their minimum contributions to the HRR of the ML assembly are shown In figure: 5. The Durette batting/Durette duck (ML assembly No. 9) fire -blocking layer/cushion reinforcement combination had the lowest heat release value of all the ML assemblies with fiberglass block backing in the HRR evaluations of upper layer materials ( fig. 5 ). The significant contribution to the heat release of the ML assembly due to the silicone elastomer on glass fabric (fig. 5, ML assemblies Nos. 3, 4, and 7) is evidenced regardless of which fire-blocking layer (Kynol, Vonar, and Durette) it is in combination with in the ML assembly.
Smoke generation rates (SSU/m 2 ) 1 of MI. assemblies shown in figure 6 indicate low amounts of smoke = generated during; HRR testing within the first 5 min at a thermal flue: of 3.5 W/cm-' . Multilayered assemblies with neoprene, polyimide, and fiberglass cushion materials contributed the minimum amount of smoke. Multilavered assemblies nos. II and 18 which contained Silicone cushion materials produced high ,mounts of smoke ( fig. 6) . A comparison of the '1RR of Improved ML assemblies, fire-blocking layer, and polymeric foam cushion materials is shown in figure 7 . The high IIRR value of ML assembly no. 18 is apparently due to the silicone foam in the assembly. The high HRR and smoke generation values for silicone materials have necessitated that this material he dropped as ii candidate material for aircraft seats. improved fire-resistant materials with thermal stability inherent from their chemical structure, had lower HRR (fig;. 8 ) and smoke generation values (tile exception being silicone materials) than baseline materials. This confirms the findings of reference 3. The low smoke release rates and total HRR of ML constructions which utilized neoprene, polyimide, and fiberglass as cushioning; materials; are shown in figure 9 . Tide individual contributions of upper-layer materials to the total heat release of the ML essembLy is shown in figure 10 . ML assemblies constructed from improved fir-c -resistant materials (MI, assemblies nos. 16 and 21) are compared with contemporary materials at thermal fluxes of 1.5 and 3.5 W/cm • ', respectively ( fig. 10) . ML assembly no. 21 could not be ignited even though piloted ignition was utilized, while the baseline ML sample burned completely during, HRR testing.
The thermal response of a material is dependent on the thermal load or flux as well as on the inherent thermal stability of the material which is determined by its chemical structure.
All ML samples tested in this study had total heat release values below 125 W/m` for the first 5 min of exposure, with the exception of the baseline materials (polyurethane foam cushion) and ML assemblies that had a silicone foam or silicone elastomer. These baseline materials had total HRR I SSU -standard smoke units. above 300 kW/m 2 . In this study the efficiency and functionality of the fireblocking layer were ascertained ( fig. 4 ) and selections made for use in aircraft seats. The results will be utilized in future designs of aircraft seats. The effects of various modifications of materials, e.g., mass effects trom different weaves and weights. were not evaluated in this study. Modifications of materials do exhibit minor effects on the heat release values. These tests provide a descriptive profile of the levels of heat release to he expected in full-scale fire testing of aircraft passenger seats. b MI, specimens consisted of 90% wool/10% nylon blend with flame retarded cotton muslin slipcover.
C ML specimens consisted of 52.5% kermel/47.5% wool blend with flame retarded cotton muslin slipcover.
dMI. specimens consisted of 52.5% kermel/47.5% wool blend with no slipcover.
ML specimens consisted of flame retarded cotton musiin slipcover. 
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